To clarify the interannual variability of winter surface air temperature (SAT) over Asia and the surrounding oceans, the authors applied principal component analysis to normalized monthly SATs. The first mode represents the Asian north-south dipole pattern with a node over the Tibetan Plateau. This component has close relationships to the Arctic Oscillation and cold surge variability around Southeast Asia, showing decadal oscillation with signal changes in 1988 and 1997. The second mode is the inner-Asian mode with a center to the north of the Tibetan Plateau. This component connects to fluctuations of not only the western Siberian high but also the Icelandic low, which is associated with the pattern of the polar vortex over Eurasia. A recent warming trend and possible relationship to solar activity are also shown. The modes of Asian SAT variability associated with ENSO are extracted as the north-south dipole mode over the tropical western Pacific and Japan (the third mode) and Silk Road mode (the fourth mode). The two independent modes appear to be caused by different sea surface temperature (SST) anomalies over the western Pacific and Indian Ocean and their associated atmospheric Rossby wave responses: the atmospheric wave trains over both the north and south of the Tibetan Plateau in the third mode, and the atmospheric wave train that propagates toward the Silk Road via Greenland in the fourth mode.
Introduction
The global mean of surface air temperature (SAT) has increased by approximately 0.6°C since the late nineteenth century (Houghton et al. 2001) . During this period, the largest warming (0.17°C decade
Ϫ1
) has occurred since the late 1970s (Karl et al. 2000) . Mid-and high-latitude regions of continental Asia have shown the strongest warming of the world, exceeding 0.6°C decade Ϫ1 (Wang and Gong 2000) . The warming trend in mid-and high-latitude areas of Asia has occurred mainly in winter (Houghton et al. 2001; Yasunari et al. 1998) .
However, few studies have examined the trend and interannual variability of the winter SAT in mid-and low-latitude areas of Asia. Gong and Ho (2004) investigated the temperature trend using station data for China and Korea from 1954 to 2000; their results indicated significant warming in northern China, while most stations south of 30°N experienced weaker warming trends. Yatagai and Yasunari (1994) also noted a warming trend in northern China north of 35°N, as well as a conspicuous cooling trend over Sichuan and Yunnan provinces from 1951 through 1994. By contrast, according to Houghton et al. (2001) , based on data from 1976 to 2000, a warming trend exceeding 0.6°C decade Ϫ1 spreads over the South China Sea. Warming trends are also found in the annual mean SAT in tropical Asia. Harger (1995) demonstrated a warming of 0.134°C decade Ϫ1 in Jakarta from 1866 to 1993. Malhi and Wright (2004) estimated the trend in Southeast Asia as 0.2°-0.3°C decade
. Given the small amplitude of temperature variations in the tropics, these values are noteworthy. In contrast, Kubota and Terao (2004) described a cooling trend since the last half of the 1970s in the interannual variation of the annual mean tropical tropospheric temperature.
Some of these temperature trends have been explained by associated climate periodic variabilities, in addition to the anthropogenic climate change. Many studies (e.g., Hurrell and van Loon 1997; Thompson and Wallace 1998) reported that the wintertime temperature variability in recent decades, especially the warming tendency in mid-and high-latitude Eurasia, is influenced by positive phase of the North Atlantic Oscillation (NAO)-Arctic Oscillation (AO). According to the analysis on the zonal-averaged atmospheric condition by Thompson and Lorenz (2004) , this atmospheric fluctuation in middle and high latitude exerts the influence on the tropics.
Moreover, ENSO has undergone successive warm phase since about 1976 (Houghton et al. 2001) . In general, the climate over Southeast Asia is warm and dry in the case of El Niño (e.g., Harger 1995; Malhi and Wright 2004) . Hurrell (1996) showed that the warm phase of El Niño contributes to the warming over parts of Siberia and cooling over the North Pacific Ocean. Many studies agree that the warm phase of El Niño results in weak Asian winter monsoon (Horel and Wallace 1981; Tomita and Yasunari 1996) .
Influence of solar cycle (especially 11-yr cycle) to the earth's climate has also been studied in various studies. Lassen and Friis-Christensen (1995) shows the strong correlation between the solar cycle length and the annual average temperature in Northern Hemisphere during the recent 120 yr. The solar effect on the lower and middle atmosphere in the objective analysis data (Gleisner and Thejll 2003) and global SST (Lohmann et al. 2004 ) are also reported.
In this paper, we extract the dominant spatiotemporal pattern of SAT variabilities during winter in the high latitudes through the tropics over the whole of Asia, and examine the associations of these patterns with atmospheric circulation, the winter monsoon, and other climate variables. The dominant spatial patterns of the SAT anomalies were obtained by empirical orthogonal function (EOF) analysis that is introduced in section 2. Section 3 describes the spatial and temporal characteristics of the dominant SAT modes. Section 4 presents the composite chart analysis of atmospheric circulation for each dominant mode, which was conducted to reveal the relationships between each mode and climate variables. The correlations of each mode with several relevant climate indices are also examined. We will draw the summary and some discussions in section 5.
Data and method of analysis
We have used monthly datasets of National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) reanalysis (version 1) data (Kalnay et al. 1996) . Our period of interest is 1979/80-2002/03. We defined November-March (i.e., 120 months for the 24 yr) as winter season and employed near-surface air temperature at the 0.995 sigma level as SAT. The Asian region was defined as the rectangular area extended from 40°to 160°E and from 10°S to 70°N, which covers the entire area of the Siberian high, the area from northwestern India (Rao 1981) to East Asia influenced by the winter monsoon, and the area of cold surges from the western Pacific to Indian Ocean (Meehl et al. 1996) . To estimate SAT variation in Asia from the low through high latitudes, normalized SAT anomaly data for each calendar month were produced using the average and standard deviation of 24 yr for each grid (2.5°ϫ 2.5°).
We then applied EOF analysis to all the normalized monthly SAT data for Asia. Prior to this analysis, each grid value was weighted by the square root of the cosine of latitude to reflect the actual area of the individual grid. In our study, to extract dominant modes in the normalized SAT variation influencing over the whole of Asia and surrounding oceans covering high latitudes through low latitudes, we adopted the ordinary EOF analysis to them, and the results of first four components realistically showed regionalities for our analyzed area in winter. Thus, we did not think that we needed to adopt another analysis, such as rotated EOF analysis. Alternatively, to improve the robustness of this EOF analysis, we showed the original SAT variations at or near the positive and negative centers of action for each EOF mode.
We also compared the time coefficients for each principal component mode with several climatic indices: the Arctic Oscillation index (AOI), the Southern Oscillation index (SOI), and solar flux data (10.7 cm; F10.7) provided by the National Oceanic and Atmospheric Administration/Climate Prediction Center (NOAA/ CPC); University of East Anglia/Climate Research Unit (UEA/CRU); and National Research Council, Canada, respectively. We have also employed the Siberian high index (SHI), as a measure of the Asian winter monsoon intensity that is presumed to be closely related to the winter SAT in Asia (e.g., Gong and Ho 2002; Panagiotopoulos et al. 2005) . Following the method of Panagiotopoulos et al. (2005) , we defined SHI to represent the average value of sea level pressure (SLP) averaged over the region extended from 40°to 60°N and 80°to 120°E. Additionally, Northern Hemisphere average temperature by the UEA/CRU (Jones and Moberg 2003) is referred to in the summary and discussion.
Composite charts for mode 1 of the SAT variability were constructed by selecting months in which the time score of mode 1 Ͼ1 and those in which the score ϽϪ1. We repeated this procedure for the remaining modes. Climate variables considered for the composite chart analysis were SLP, surface wind, geopotential height, and wind at 200 hPa from NCEP-NCAR reanalysis data. In addition, NOAA Extended Reconstructed Sea Surface Temperature (SST) and Global Precipitation Climatology Project (GPCP) data were also used. To check if these composite fields are statistically significant, a t test is made by comparing with the average over all of the data period.
Principal modes of winter SAT anomalies over Asia and the western Pacific
In this section, we briefly describe the spatialtemporal characteristics of the major principal component modes.
Our analysis revealed that the four leading modes explain 22.5%, 15.3%, 11.2%, and 9.1%, respectively, of the variance and are well separated from the higher modes (Table 1) , for which the criteria of North et al. (1982) were applied. For convenience, we will define 1) north-south dipole mode over Asia, 2) inner-Asian mode, 3) north-south dipole mode over the tropical western Pacific and Japan, and 4) Silk Road mode, to represent the four leading modes. Figure 1a shows the eigenvector spatial pattern of the first mode. The pattern represents a dipole SAT anomaly between Siberia and the South China Sea, with a node region near the Tibetan Plateau. Time series of this mode (Fig. 1b, top) primarily represented the interannual variation in SAT, because intraseasonal variability of this component within the 5-month scores of one winter was much smaller than that of other modes described later. In this figure, negative or slightly positive (less than ϩ1) scores tended to appear from 1988/89 through 1996/97, implying dominant cold anomalies over the South China Sea and warm anomalies in Siberia. From 1997/98 through 2002/03, the time scores changed to positive or slightly negative values (more than Ϫ1), corresponding to warm anomalies over the South China Sea and cold anomalies over Siberia; that is, decadal-scale variation also dominated in this mode. These tendencies can be confirmed in the time series of normalized SAT at and near the centers of action of this mode (i.e., around the negative and positive extreme values of the eigenvectors over central Siberia and northern Philippines, respectively) as shown in Fig. 1b (bottom) .
a. North-south dipole mode over Asia

b. Inner-Asian mode
The spatial structure of the second mode exhibits a significant positive SAT anomaly north of the Tibetan Plateau (Fig. 2a) . The core of the anomaly occurs along the arid/semiarid region of China, Mongolia, and central Asia; hence, we call this the inner-Asian mode. An anomaly that is less organized but of the same sign as in the inner-Asian region is present over the equatorial Indian Ocean and the Maritime Continent. In the corresponding time series (Fig. 2b, top) , two successive negative phases appeared for 1979/80-1986/87 and 1991/92-1996/97, which reflected cold phases. By contrast, positive phases were also observed in the periods of 1987/88-1990/91 and 1997/98-2002/03 , corresponding to warm phases. These temporal characteristics indicated that this mode had a decadal variation differing from that of the first mode. The score of this mode represents the SAT variation over the northern Tibet well, meanwhile the SAT fluctuation over equatorial Indian Ocean shows the decadal variation more clearly, especially from the late 1980s to the late 1990s (Fig. 2b , bottom). The second mode is also characterized by a remarkably positive linear trend (ϩ0.047 yr Ϫ1 of winter mean) which is significant at the 95% level; the other modes showed no significance. Considering the prominent positive tendency of the score since 1997/98, the recent warm anomaly was particularly prominent in this mode.
c. North-south dipole mode over the tropical western Pacific and Japan
The spatial pattern of the third mode is characterized by the largest positive and negative anomalies over the tropical western Pacific and southwestern Japan, respectively ( Fig. 3a) . Significant negative SAT anomaly is also found in the Arabian Sea. The time series of the score (Fig. 3b , top) are highly variable on interannual time scales. The extreme score values above ϩ1 (e.g., 1983/84, 1985/86, and 1999/2000) and below Ϫ1 (e.g., 1992/93, 1997/98) correspond to cold (warm) SAT over southern Japan and warm (cold) SAT over the western Pacific, respectively (Fig. 3b, bottom ). In addition, SAT variation over the eastern Arabian Sea also shows in (out of) phase with that over southern Japan (the tropical western Pacific), which suggest that this mode is related to the ENSO over the tropical Pacific and Indian Ocean basins (as will be discussed in section 4c).
d. Silk Road mode
This mode exhibits a SAT anomaly along the northern periphery of the Tibetan Plateau (Fig. 4a) . The negative anomaly has a center over the eastern plain area of the plateau, and extends over the northern through the western edges of the plateau, which corresponds to the ancient "Silk Road." The positive anomalies were located both in northern Eurasia (northward of 55°N) and the tropical oceans (Indian Ocean and the southern South China Sea). The time series (Fig. 4b over the southern Indian Ocean and extremely cold (warm) SAT over eastern Tibet (Fig. 4b, bottom) .
Atmospheric circulation patterns related to the four principal modes of SAT
In this section, we performed the composite charts analysis of climate variables to examine the anomalous circulation patterns associated with each mode. These charts show the synoptic pattern for the positive phase of each component time series. The climate variables used here are 1) SLP and surface wind, 2) geopotential height and wind at 200 hPa, 3) SST, and 4) precipitation. The analysis of the correlation between the four modes and three major climate variations (AOI, F10.7, and SOI) will be summarized in Table 2 .
a. North-south dipole mode over Asia
A prominent, positive SLP anomaly is located over northern Eurasia and the Arctic, whereas the negative SLP anomaly is visible south of the Tibetan Plateau (Fig. 5a ). Surface wind anomalies over and around Southeast Asia (i.e., southerly wind around the Philippines, cross-equatorial flow, anticyclonic circulation over the Philippine Sea, and easterly wind over the Malay Peninsula) indicates that the Asia north-south dipole mode, although extracted from monthly data, is likely connected with the weakening of cold surges in this area. At 200 hPa (Fig. 5b) , the wind direction around the Philippine Islands is nearly opposite that at the surface, which is indicative of the local weakening of the Hadley cell, accompanied by cold surges.
In the positive (negative) composite chart of SST anomalies on the first component (Fig. 5c) , warm (cold) SST anomalies are located over the northwestern Pacific to the south of Japan, East China Sea, and South China Sea, where weaker (stronger) northeasterlies at the surface prevail, which are associated with the anomalous winter monsoon condition over East Asia (Fig. 5a ). This spatial pattern of SST anomalies corresponds well with the anomalous sea surface condition of the winter monsoon over East and Southeast Asia through the control of the latent heat flux, as discussed by some previous papers (e.g., Tomita and Yasunari 1996; Zhang et al. 1997) . The diabatic heating process over the winter monsoon surge in East Asia (Yanai and Tomita 1998 ) also showed that a cold surge anomaly in fact induced changes in the sensible and latent heating anomaly, which in turn changed SST anomalies of this particular ocean. We thus have concluded that SST anomalies in the East and South China Seas area may principally be the result of a cold surge anomaly from the continent.
Over the North Atlantic-European sector and the North Pacific, north-south dipole SLP anomalies are also prominent, but the polarity differs between the two basins. They appear to be associated with the strengthened/weakened storm track of the Aleutian/Icelandic lows, and vice versa. The dipole SLP anomaly in North Atlantic appears to be related to the North Atlantic Oscillation.
The atmospheric circulation at 200 hPa in this mode indicated the annular seesaw pattern of height between the Arctic and midlatitudes (Fig. 5b) , which corresponded to the AO pattern reported by Thompson and Wallace (1998) . In fact, the correlation coefficient between the first mode and the AOI was Ϫ0.47 (Table 2) est correlation among the four modes in this study. The AO appears to modulate the distribution of precipitation over the North Atlantic to central Siberia (Fig. 5d) .
Therefore, we suggest that, to some extent, the Asian north-south dipole mode of the SAT anomaly is closely associated with the Arctic Oscillation that modulates fluctuation between the Icelandic low and the Aleutian low. It also modulates cold surge variability over Southeast Asia and the local Hadley circulation.
b. Inner-Asian mode
The second mode, inner-Asian mode, displays a huge cyclonic anomaly over western Eurasia in the composite chart of SLP and surface wind anomalies (Fig. 6a) . The center of the anomaly is west of the Ural Mountains. As this mode is well correlated with SHI (Ϫ0.63, p Ͻ 0.05), it is a good proxy for the state of the cold wave north of 30°N in Asia. However, this cyclonic anomaly is indicative of not only weak westward expansion of the Siberian high, but also the strong Icelandic low in the case of a positive score. The positive precipitation anomaly over northwestern Eurasia (Fig.  6d) seems to be broadly consistent with this cyclonic anomaly.
Geopotential anomalies at 200 hPa (Fig. 6b) confirm not only the huge cyclonic anomaly over western Eurasia, but also the emergence of an anticyclonic anomaly to the north of the Tibetan Plateau. This pair of (north) west-(south) east anomalies over Eurasia indicated the pattern of the northern polar vortex that is characterized by the mean chart of upper geopotential height (not shown): tripole and dipole for positive and negative phases of the mode, respectively. Moreover, a pair of north-south height anomalies over East Asia links . The zero contour is omitted for SST and precipitation. Areas exceeding 5% significant t value are hatched. Wind vectors are only plotted (every 5°) where either the zonal or meridional component exceeds 5% significant t value. the tropical zonal wind anomalies over the Maritime Continent.
Positive SST anomalies around Japan (Fig. 6c ) may be induced by the weakening of surface westerly and SLP anomaly patterns over the latitudes (Fig. 6a) , probably through a reduction in the surface latent heat fluxes to the atmosphere. Therefore, this inner-Asian mode relates to the wax and wane of the western Siberian high and the shape of the polar vortex over northern Eurasia, which may be associated with the wave train pattern from northeast Europe toward Southeast Asia and the Maritime Continent.
Interestingly, this mode exhibits a linear warming trend, and also appears to be connected with the decadal-scale (approximately 11-yr cycle) solar activity. In fact, the SST anomaly of this mode was moderately correlated with the pattern influenced by the solar cycle (periodicity of 9-15 yr; see Lohmann et al. 2004 ). The correlation coefficient between this inner-Asian mode and F10.7 series was marginally significant (0.23; Table 2 ).
Further discussion on the relation between this mode and the solar activity is attempted in section 5.
c. North-south dipole mode over the tropical western Pacific and Japan
This mode is characterized by a west-east contrast of the SLP anomaly over East Asia (Fig. 7a) . This anomaly appears to induce large temperature variations over Japan that are well correlated with the SST anomalies (Fig. 7c) .
The composite map of circulation at 200 hPa ( connection pattern seems to be a standing Rossby wave train influenced by El Niño-Southern Oscillation (ENSO) as shown in Horel and Wallace (1981) . It could be reasonable that the wave train splits into a high zonal wavenumber component that is deflected equatorward via the Middle East and a low zonal wavenumber component that propagates toward the higher latitudes over Siberia and then East Asia (Hoskins and Ambrizzi 1993) . In fact, this mode is correlated with SOI (0.44; Table 2 ). However, some years with the significant score value of this third mode do not exactly coincide with those of SOI (Fig. 3b) , presumably because this mode is more directly related to the SST anomaly over the western Pacific rather than the SST anomaly over central and eastern Pacific (i.e., principal ENSO domain), as described below.
In the tropics, remarkable Walker circulation and associated precipitation anomalies are shown (Figs.  7a,b,d ). The SST composite chart for this component (Fig. 7c ) denotes the anomaly located over the centraleastern equatorial Pacific, indicative of the connection with ENSO. An extreme value over the central equatorial Pacific is detached from the anomaly over the eastern area. Over the equatorial western Pacific, the opposite SST anomaly is also very significant, although the anomalous value is less than in the central-eastern Pacific. The extending of the Walker circulation to the equatorial Indian Ocean (Fig. 7b) appears to be induced by SST anomaly in the Arabian Sea (Fig. 7c) and the upper wave train south of the Tibetan Plateau.
Apart from the deep tropics, the anomalous precipitation patterns are also evident in southern China and the Middle East. These are attributed to ENSO (Zhang and Sumi 2002; Barlow et al. 2002) .
We therefore suggest that the third mode is largely linked to ENSO. Over the entire Eurasian region, atmospheric wave trains over both the north and south of the Tibetan Plateau emerged through the stationary Rossby wave response to the SST anomaly over the tropical Pacific. The linkage of tropical SST and atmospheric circulation over the Indian Ocean and the western Pacific could contribute the maintenance of these wave trains over the entire Eurasian region.
d. Silk Road mode
Over the Silk Road, the SAT variation appears to be associated with the SLP anomaly and the opposite height anomaly at 200 hPa (Figs. 8a,b) . This baroclinic structure seemed to represent local fluctuations in the southern edge of the Siberian high and upper trough/ ridge north of Tibetan Plateau. However, the correlation coefficient between SHI and time series of the fourth mode are 0.20 ( p Ͻ 0.05), which is the least significant of the four components in this study.
In the equatorial central-eastern Pacific, a prominent Matsuno-Gill-type circulation pattern (Matsuno 1966; Gill 1980 ) is seen at 200 hPa (Fig. 8b) , suggesting a stationary response to the localized heating anomalies in this region. Its heating origin is the SST anomaly over the central-eastern Pacific (Fig. 8c) , accompanied by ENSO. Walker-type anomalous zonal circulation was limited in the Pacific and Maritime Continent (Fig. 8b) , differing from the third mode, which circulation extend to Indian Ocean. A pair of precipitation anomalies is located between the western Pacific and central-eastern Pacific (Fig. 8d) , caused by ENSO and associated Walker circulation.
The other prominent atmospheric anomaly of this mode is located over Greenland (Figs. 8a,b) , which appears to be linked to the Northern Atlantic Oscillation. We suggest that a Rossby wave train response to SST anomaly over the central-eastern equatorial Pacific propagates toward the Silk Road via Greenland.
Compared to the third mode, SST anomalies of this mode are characterized as follows: 1) The center of the anomaly is located over the central through eastern Pacific, 2) the anomaly over the western Pacific is less significant, and 3) significant SST anomalies of the Pacific and Indian Ocean are mainly located in the South Hemisphere. Particularly, the latter two characteristics of SST in this mode appear to cause the absence of the wave train south of the Tibetan Plateau, in contrast to the third mode. Moreover, these SST characteristics induce the features of precipitation in the Silk Road mode: 1) an anomaly over southern China, which is not accompanied with an anomaly over the Middle East; and 2) significant precipitation anomalies of the Pacific and Indian Oceans are mainly located in the Southern Hemisphere.
The correlation coefficients between SOI and this mode are significant (Ϫ0.48; Table 2 ). Differing from the third mode, the year with extreme values of this fourth mode tended to coincide with the year showing extreme values of SOI (Fig. 3b) , because of its larger SST anomaly over the equatorial central-eastern Pacific. Therefore, the Silk Road mode has a very clear dynamic link to ENSO. This mode corresponds to one component of Rossby wave train response by extremely large ENSO, which propagates toward the Silk Road via Greenland, rather than a local fluctuation of the southern Siberian high over the Silk Road.
Summary and discussion
We have examined the interannual and interdecadal variability of winter SAT over Asia and the surrounding oceans. Using principal component analysis of the normalized SAT for 24 winters, we have identified the four leading modes, namely: 1) north-south dipole mode over Asia, 2) inner-Asian mode, 3) north-south dipole mode over the tropical western Pacific and Japan, and 4) Silk Road mode. We have also constructed global composite maps of various climate variables for each mode.
Note that the first mode and the second mode are not so sensitive to the extent of EOF domain; an EOF analysis of interannual temperature anomalies over 50°-80°N, 80°-120°E (central Siberia) reveals the two leading modes comparable with those in this study (I. C. Handoh 2006, personal communication) .
The north-south dipole mode over Asia is extracted as the first mode in Asia, which is associated with the atmospheric circulations of the Arctic Oscillation and cold surges in Southeast Asia.
The first mode shows some characteristics described in the previous studies on decadal oscillations: the North Atlantic Oscillation, the Arctic Oscillation, decadal climate shift, and so on. The northern center of action in the eigenvector pattern of the first mode extends to northern Japan (Fig. 1a) , which is an important aspect of the North Atlantic Oscillation as pointed out by Xie et al. (1999) . A composite map of SAT in the Northern Hemisphere (not shown) expresses the anomaly from northern Europe to Siberia and opposite anomalies over eastern Canada and northern Africa, which is an important feature of NAO. The SLP anomaly on the first mode also shows the anomalies of NAO (Fig. 5a) . The correlation coefficient of this mode with the NAO index is quite significant (Ϫ0.25). On the other hand, the SAT over Japan except in northern Japan is more correlated with ENSO, as shown in the third mode (Fig. 3a) , which is also described in Xie et al. (1999) .
The temperature shift in 1988/89 northern winter shown in the score of the first mode is reported in the previous studies. Watanabe and Nitta (1999) concluded that the climatic shift is characterized as a dipole pattern of height anomalies between midlatitudes and polar regions with an equivalent barotropic structure.
However, in their figure of SLP (their Fig. 1d) , anomaly in the south of Tibetan Plateau (30°N, 90°E) is shown with the opposite sign to the higher latitude, which corresponds to the major surface anomaly associated with a cold surge in our first mode (Fig. 5a ). In turn, our study has clarified that the dominant mode studied by Watanabe and Nitta (1999) for the high and midlatitudes is connected to lower latitudes in association with the Asian cold surges.
The linkage between the Arctic Oscillation and the tropical troposphere is consistent with previous studies. Over the northern and equatorial Atlantic, this regional linkage between the Arctic Oscillation and the tropics has been reported (e.g., Meehl and Van Loon 1979; McHugh and Rogers 2001) . The dynamic mechanism of the zonal-mean tropical atmospheric circulation associated with Arctic Oscillation was demonstrated by Thompson and Lorenz (2004) : forcing by waves originating at extratropical latitudes and the eddy momentum flux convergence at the tropics. Their paper showed a formation of the subtropical Hadley cell and a north-south temperature contrast near the surface, associated with the Arctic Oscillation (see their Fig. 1,  top) . These characteristics are consistent with the features in the composite charts of the first mode in the present study. In the case of Asia and the surrounding oceans, the variability of this regional Hadley cell links directly to the appearance/absence of cold surges in Southeast Asia. Therefore, the wax and wane of the Arctic Oscillation is most likely associated with the modulation of cold surges in Southeast Asia, through its regional Hadley cell over the eastern half of Eurasia. Chang et al. (2004) indicated that only winter precipitation in the vicinity of Sumatra and the Malay Peninsula showed a weak relationship to ENSO; they concluded that the effect of ENSO was shut out by high mountains and variation of the cross-equatorial flow. In our study, the first mode showed close association with anomalous precipitation over the Malay Peninsula. Only this mode demonstrated the fluctuation of crossequatorial wind accompanied with cold surges in Southeast Asia. Because this first mode showed close association with the Arctic Oscillation on decadal scales, the long-term variation of cold surges and precipitation in Southeast Asia should be studied in conjunction with the SAT and circulation changes of the higher latitudes, as well as the atmosphere-ocean system in the tropics.
Furthermore, atmospheric circulation of the first mode showed not only the direct relevance to North Atlantic Oscillation, but also the seesaw-like fluctuation between the Icelandic low and the Aleutian low. Honda and Nakamura (2001) investigated the process of late-winter formation of an interannual seesaw be-tween the surface Aleutian and Icelandic lows, interpreting the Arctic Oscillation as the North Atlantic Oscillation in early winter and as the Aleutian-Iceland seesaw in late winter. The first mode of this study seemed to contain their circulation characteristics from early winter through late winter.
Inner-Asian mode, with a unique warming trend in Asia, is extracted as the second mode. This component indicated a significant correlation with Jones and Moberg's (2003) Northern Hemisphere average temperature (0.74, p Ͻ 0.05). This is likely to reflect that inner Asia is the region that shows one of the strongest global warming signals. Moreover, this inner-Asian mode showed the some relation with the solar cycle. Kodera (2002 Kodera ( , 2003 pointed out that atmospheric feature of NAO was modulated by the solar cycle and the influence was shown in the anomaly of SLP and SAT over Eurasia. Furthermore, these studies showed that the feature over Eurasia connected to zonal wind in the troposphere through stratosphere. Hence, it should be clarified whether this significant correlation between the inner-Asian mode and solar activity is due to the fact that the huge mass of the Eurasian continent, which occupies a major terrestrial part in the Northern Hemisphere, may take a direct or indirect connection with the solar activity. For this issue, we thought that the result of EOF analysis for normalized SAT in the Northern Hemisphere may prove the hemispheric extent of inner-Asian mode and its temporal tendency of appearance. As a result (Fig. 9) , the synchronizing continental SAT mode over midlatitude Eurasia and America was extracted as the third mode (9.4%), following the synchronizing maritime mode in the Atlantic, western Pacific, and Arctic Oceans (EOF1: 15.0%) and NAO mode (EOF2: 12.4%). Temporal variation of this EOF3 in the Northern Hemisphere is almost the same as that of the second mode in Asia (correlation coefficient: 0.71), and shows better correlation with F10.7 (0.27). Therefore, this inner-Asian mode takes one part as hemispheric warming and as the huge mass of the Northern Hemisphere for a direct or indirect heating/cooling in conjunction with the solar activity. Further evidence and the mechanism of the connection between the second component and the solar cycle will be examined separately, with reference to the theory on the indirect connection of solar activity with the earth's atmosphere through stratospheric (ozone) circulation, as shown in Kodera and Kuroda (2002) .
The modes of Asian SAT variability associated with ENSO are extracted as the north-south dipole mode over the tropical western Pacific and Japan (the third mode) and Silk Road mode (the fourth mode). The two independent modes were caused by respective remote Rossby wave responses to different sea temperature anomalies over the Pacific and Indian Oceans (in sections 4c and 4d). The two kinds of the Rossby wave response may cause the difference of precipitation variability in midlatitude Asia. The variation of precipitation in southern China was seen both in the third and the fourth modes, whereas the precipitation anomaly over the Middle East appeared only in the third mode. Zhang and Sumi (2002) concluded that precipitation variability in southern China was caused by a low-level circulation anomaly to the north of the Maritime Continent, which was forced through a Rossby wave train by the western tropical Pacific SST associated with ENSO. Since these characteristics are prominent over the Pacific in the case of typical ENSO, both the third and fourth modes contain this variability in southern China. On the anomalous precipitation in the Middle East, Barlow et al. (2002) pointed out the following three synoptic characteristics: the out-of-phase relationship of precipitation is prominent between the eastern Indian Ocean and the Middle East, this relationship is due to ENSO with a strong SST signal over the western Pacific, and anticyclonic circulations over the southeastern edge of the Tibetan Plateau and the Middle East are induced by strong convection over the eastern Indian Ocean and the western Pacific through a stationary Rossby wave response. A strong SST signal over the western Pacific and a remarkable anomaly of precipitation over the Indian Ocean correspond well to the features of the third mode. The precipitation variability in the Middle East can prove the robustness of the Rossby wave response to the western Pacific and Indian Ocean in the third mode.
To better understand and quantify the nature of Asian climate variability, further investigations into the dynamic and thermodynamic feedbacks operating in each climate mode are merited.
